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Abstract




in a combined t
of the top-quark mass, m
t
, and the Higgs-boson mass, M
H
, within the Standard Model,







1TeV. Stronger upper bounds on M
H
,
sometimes presented in the literature, rely heavily on the inclusion of R
b
in the data
sample. Upon including R
b
, the quality of the t drastically decreases, and m
t
comes
out signicantly below the experimental value of m
t
= 180  12GeV, thus implying that
the stronger bounds are not reliable. Moreover, the stronger bounds on M
H
are lost if
the deviation between theory and experiment in R
b
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The discovery [1] of the top quark and the direct determination of its mass of m
t
=
180  12GeV open the possibility of improving the constraints on the mass of the Higgs
boson,M
H
, from the body of the precision electroweak data at the Z-boson resonance [2, 3]
and the experimental value of the W-boson mass, M
W





, obtained by performing ts to the precision data and M
W
within

















) in the allowed range are discussed. We also examine how the results of these ts
are inuenced, if one allows for non-standard Z ! b

b,cc vertices. Even though several
papers on this subject have appeared recently [5, 6, 7], additional investigations combined
with comments on the interpretation of the results seem useful.
It is the main purpose of the present work to analyze the data in several distinct steps






(LEP), and the W-boson mass (the set of data to be referred to as




from the set of hadronic observables (referring




"), thus ignoring in the ts at this stage the partial
Z-boson decays Z ! b

b,cc. In a second step we include the Z ! b






in a two-parameter t again. In a third step we nally discuss how
the results of the ts change when the decay Z! cc is included, and we also investigate






(SLD) in the set of data. The procedure adopted





the set of experimental data used in the ts. The various steps are motivated by the
discrepancies [2] between SM prediction and experiment observed in the Z! b

b,cc decays
and the dierence between the LEP and SLD results for s
2
W
. In a nal step we discuss ts
in which non-standard contributions are allowed.
The set of experimental data and the input parameters are listed in Tab. 1. The
theoretical SM results at the one-loop level, taking into account leading two-loop contri-
butions, are taken from Refs. [8, 9]
1
. Therefore, we provide an analysis which is completely
independent of results presented by other authors [5, 6, 7].









) plane. The corresponding numerical


















) by their upper and lower limits (see Tab. 1)
in the SM prediction are collected in Tab. 2.
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obtained upon including R
c
in the data sample. These results have been omitted
in Fig. 1 for compactness.
We rst of all concentrate on the results of the rst step of our analysis, namely




















In the subsequent tables the entry
>

1000 indicates a result for the Higgs-boson mass in the region
above 1TeV, where a perturbative evaluation is no longer trustworthy. The upper limits for the top-quark




1000GeV also have to be treated with
care.
1
leptonic sector hadronic sector
 
l
= 83:93  0:14MeV R = 20:788  0:032  
T




(LEP) = 0:23186  0:00034 
h
= 41:488  0:078  
h




(SLD) = 0:23049  0:00050 R
b
= 0:2219  0:0017  
b




(LEP + SLD) = 0:23143  0:00028 R
c
= 0:1543  0:0074  
c
= 269  13MeV
M
W
= 80:26  0:16GeV
input parameters correlation matrices
M
Z
= 91:1884  0:0022GeV
G









































Table 1: The precision data used in the ts, consisting of the LEP data [2], the SLD
value [3] for s
2
W
, and the world average [4] for M
W












































(LEP) if not otherwise specied) will be referred to as \leptonic sector"
in the ts. Inclusion of the data in the upper right-hand column will be referred to as
tting \all data". The theoretical predictions are based on the input parameters [2, 11]































Tab. 1 (for which 
2
min











) are used in the ts. The gure shows that the results of the
















= 128:80 also lowers the central value of
M
H
















) = 0:117 shifts the upper 1 limit of M
H





are included (second column of Fig. 1). We also note the somewhat
low values of the top-quark mass of m
t
= 157GeV and m
t
= 162GeV obtained for the










), respectively, (compare Tab. 2, second line) which
are below the 1 lower limit of m
t
= 168GeV from the direct measurement of m
t
. The t



















































































































































) obtained by tting to dierent












) t. An entry for 
s
, when given,













quoted rst correspond to the 1 limits. The \error entries" in second place

















value) in the SM prediction. Likewise, the entries in third place show the shifts of the
















) = 0:117 (lower value) in the SM prediction.









), note that the





) = 0:123  0:006 (from the event shape measurement




) t is supported by the fact that precisely

















Finally, concerning the range of M
H








, i.e. by tting the SM only to those data that agree with the
theoretical predictions, according to the foregoing discussion of Fig. 1 and Tab. 2, it seems









at the 1 level, even upon taking into account the constraint of m
t
= 180  12GeV from
the direct observation of the top quark. The lowest values in (1) are of course excluded
by the lower bound M
H
> 65:2GeV [12] obtained from the direct searches.
We turn to the second step of our analysis and include R
b
in the t, which is thus






. According to Fig. 1 and
3
mt
















































































Table 3: Fits of M
H
to various sets of experimental data in the SM for xed values of m
t
.
In all ts (M
2
Z





) = 0:123 are kept xed and the LEP value of s
2
W
is used in the input data.
Tab. 2, taking into account the data for the Z! b





=d.o.f. by an order of magnitude to 
2
min
=d.o.f. = 12=6. Comparing the third column
in Fig. 1 with the rst and second columns, one observes a considerable shrinkage of the 1



















) is considerably weaker in this sample






below the central value of the direct measurement of m
t
= 180  12GeV, and the central





GeV, lies in the vicinity of the
experimental lower bound M
H
> 65:2GeV.






=d.o.f. = 12=6 when including R
b
in the t
(to be compared with 
2
min
=d.o.f. = 0:6=5 obtained when ignoring R
b
) signals the large
discrepancy between theory and experiment in this t. In particular, when evaluating
R
b










GeV), the resulting (M
H
-






(with the errors indicating the
changes by varying m
t
within the 1 limits), still lies more than 3 below the experimental
value of R
b
= 0:2219  0:0017.
In connection with the low central t value of m
t
= 148GeV, it is illuminating to




is kept xed at certain (assumed)
values. In Tab. 3, again for the previously selected sets of data, results of single-parameter
M
H




) correlation in SM ts leads to a remarkable




is xed, there is almost no dependence
of the t value for M
H
on which set of input data is actually used in the t. In particular,
whenever a low value of m
t









-insensitive) SM prediction for R
b
increases with decreasing m
t










is xed, the values of m
t





are included in the t or not. This is consistent with the results of Ref. [2], where
M
H




the t value of m
t




) correlation also the value of M
H
. As discussed
above, the result of m
t
= 148GeV is nothing but a kind of compromise, as it still leads
to a 3 discrepancy between theory and experiment in R
b
. Moreover, this result for m
t
is
disfavored by the Tevatron result of m
t
= 180  12GeV.
In summary, the large value of 
2
min
=d.o.f. and the low t value form
t
that is at variance






obtained when including the data for R
b
does not seem reliable. It is an artefact of
the procedure of describing the \non-standard" value of R
b
by the unmodied SM in




) correlation. This conclusion is strengthened by the fact
that a simple phenomenological modication of the Z! b

b vertex, to be discussed below,
leads to values of m
t




We turn to the third step of our analysis and consider the impact of the observable
R
c




are hardly aected by including
R
c









, because the experimental error for R
c
is much larger than the
change in the SM prediction for R
c









in the set of data (and omitting R
b




, and to a tendency towards lower values of M
H
.


















) plane occurring as a consequence





t value of m
t
' 170GeV is consistent with the value from the direct measurements,
m
t
= 180  12GeV, while the values for M
H



























Comparing these results to the lower bound from the direct Higgs-boson search, M
H
>
65:2GeV [12], one arrives at a serious conict between the unmodied SM and experiment.
The discrepancy is weakened if the combined value of s
2
W
(LEP+SLD) from Tab. 2 is used.










GeV for all data n R
c
. We note





















GeV given in Ref. [6],
where the data from the 1995 Winter Conferences [13] were analyzed.
4
A resolution of the
LEP{SLD discrepancy on s
2
W
is obviously one of the most important tasks with respect to
the issue of M
H
bounds via radiative corrections.
In order to accommodate the experimental result for R
b
, we now allow for amodication
of the Z ! b

b vertex by a parameter y
b




In Ref. [6] also the available low-energy data were included in the analysis, which shows that the eect











GeV quoted for the Higgs-boson mass in Ref. [6] and Ref. [7], respectively, are mainly
due to the fact that in those ts the experimental value of the top-quark mass was used as an additional
input for the ts, leading to higher values of m
t






is related to the parameter "
b



































































































(last row). The errors quoted rst correspond to the 1 limits, while the second entries

















of this modication of the SM predictions is left open for the time being, but in particular
it includes the impact of new particles in conjunction with loop corrections at the Z! b

b











in order to compensate for the enhanced value of the total hadronic Z-boson width,  
h
,
resulting from the enlarged theoretical value of  
b
which is adjusted to be in agreement








an extra contribution X
b




























































































according to Ref. [16].












) taking the data set \all data n R
c












) t. The conclusion from Tab. 4
is simple: once one allows for a modication of R
b
by the parameter y
b
, the bounds on
M
H
obtained by tting within the unmodied SM are lost. The quality of the t is





) substantially below the LEP





) = 0:123  0:006. The values of
m
t
in Tab. 4 roughly coincide with the ones obtained in the SM ts to the leptonic sector







bounds are similar to the results of the SM t





) leads to the extremely low
















) = 0:112  0:004 [16],
















































0:6 5:2  3:0 (from theory)











) = 0:099. The entries on the left-hand side are obtained by determining


















have been taken from theory, and the remaining

















As in the previous case of the pure SM ts, the results do not change qualitatively
when R
c









































=d.o.f. = 5:7=7): (3)











= 300GeV. The increased value of 
2
min
=d.o.f. in (3) relative to
the corresponding value in Tab. 4 is of course a consequence of the 2:5 discrepancy
[2] in R
c
. However, it does not seem to be meaningful to introduce an additional non-
standard parameter y
c
in order to accommodate the R
c
discrepancy. On the one hand,
a modication of the Z! cc vertex is much less motivated than in the case of the Z! b

b
vertex (see e.g. the discussion in Ref. [9]); on the other hand, a t in which a non-standard
y
c





) = 0:19 0:04, which was also obtained e.g.
in Refs. [2, 7, 16].








)-t discussed above with a model-














can be represented as linear combinations of six phe-





















that describe possible sources of SU(2) violation within an eective Lagrangian
for electroweak interactions at the Z-boson resonance [9]. We assume that the QCD correc-
tions, such as R
QCD






, have standard form. These corrections are
extracted from the experimental data before the determination of the eective parameters
7
(see Ref. [9]), which therefore quantify all electroweak corrections in a model-independent
way.
The results of extracting the experimental values of the six parameters x
exp
etc. from
the six observables by inverting the system of linear equations is shown on the left-hand side
of Tab. 5. The 
s




















agreement with their SM predictions, as discussed in detail for the data of Refs. [2, 3] in












disagrees with the theoretical prediction [9] of y
SM
h
=  3:0  10
 3
.
Agreement between SM and experiment in y
h
















only depend [9] on the empiri-
cally well-established
6
couplings between vector-bosons and light fermions (i.e. all fermions


































) = 0:099 deliberately chosen
before.





), as a consequence of the experi-
mental value of R
b
, emerges independently of much of the details of electroweak radiative
corrections. The two very weak assumptions made here, namely standard form of the QCD










in the t which includes R
b









) t, where non-standard contributions have only been allowed in the
Z ! b

b vertex. Moreover, the values of y
b





) = 0:123 and of
y
b





) = 0:099 obtained in the present analysis are in good agree-















) that, in the best-t case, is four





) = 0:123  0:006.
In summary, from our analysis of the precision data at the Z-boson resonance andM
W
,
we nd that a Higgs-boson mass lying in the perturbative regime of the Standard Model,
i.e. below 1TeV, is indeed favored at the 1 level. Having investigated in much detail the
impact of the data for the Z! b















), we conclude that a stronger upper bound on M
H
can hardly be justied from
the data at present. The stringent bounds on M
H
that are obtained when the unmodied






(SLD) are excluded from the analysis or, as demonstrated for the case of R
b
, if non-
standard contributions are allowed in the theoretical model. The well-known fact that
allowing for a non-standard contribution to R
b






) has been shown to emerge already under the weak theoretical assumptions
6
Here we ignore the R
c
problem, previously commented upon.
8
of standard QCD corrections and standard form of the couplings of the gauge-bosons to
the leptons and to the quarks of the rst two generations.
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) plane. The three dierent columns refer to the three dierent sets of
experimental data used in the corresponding ts,
















are added to set (i),








are added to the set (i).











respectively, by one standard deviation in the SM prediction. The fourth row shows the









(LEP+SLD) in the ts. Note that the 1
boundaries given in the rst row are repeated identically in each row, in order to facilitate
comparison with other boundaries. In all plots the empirical value of the top-quark mass
of m
t













































































all data n R
c
m
t
=GeV
M
H
=
G
e
V
Figure 1:
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